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SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a semiconductor device, 

such as an LED print head for an electro-photographic 
printer, and a method of manufacturing the same. 

2. Description of the Related Art 

Fig. 26 is a perspective view of part of an LED 

10 print head 900 according to a related art and Fig. 27 is a 
top plan view of part of an LED array chip 902 for the LED 
print head in Fig. 26. In Fig. 26, the LED print head 900 
comprises a substrate 901, the LED array chip 902 formed on 
the substrate 901, and a driving IC chip 904 formed on the 

15 substrate 901. Electrode pads 903 of the LED array chip 
902 and electrode pads 905 of the driving IC chip 904 are 
connected by bonding wires 906, and the electrode pads 909 
of the driving IC chip 904 and electrode pads 910 of the 
substrate 901 are connected by bonding wires 911. 

20 In Japanese Patent Application Kokai Number 10- 

063807 (hereinafter "patent document"), a light emitting 
device having thin film structure is disclosed. In the 
patent document, it is described that a plurality of thin 
films forming the light emitting device are developed and 

25 then elements are separated by etchant. 

However, in the LED print head 900, as shown in 
Fig. 27, large electrode pads 903 and 905 (for example, 100 
Vim x 100 are provided on the LED array chip 902 and the 

driving IC chip 904, respectively, for electrically 

30 connecting the LED array chip 902 and the driving IC chip 
904 by the bonding wires 906. Accordingly, it was 
difficult to make the size of the LED array chip 902 small, 
which made it difficult to reduce the material cost. In 
the LED array chip 902, a light emitting section 907 is 
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located in a region of approximately 5 ym deep from the 
surface. However, in the LED print head in Fig. 26, it has 
been required that the thickness of the LED array chip 902 
is made substantially equal to that of the driving IC chip 
5 904 (for example, 250 \im to 300 vim) to secure a stable wire 
bonding yield. Accordingly, it was difficult to reduce the 
material cost of the LED array chip 902 for the LED print 
head 900. 

In the patent reference, it is disclosed that the 
10 light emitting device having the thin film structure is 
provided with an electrode pad for a soldering ball for 
connecting the electrode pad to a discrete pad. 
Accordingly, it was difficult to reduce the size of the 
light emitting device. 
15 Also, as described above, in the patent reference, 

it is disclosed that the elements are separated by etchant. 
However, a critical technical problem is not disclosed in 
the patent reference that some materials for the respective 
semiconductor thin films and/or some etchants may cause 
20 etching of not only parts required for the separation or 
removal of the semiconductor thin films but also other 
parts, such as inter-layer insulating thin films and wiring 
materials . 

BRIEF SUMMARY OF THE INVENTION 
25 Accordingly, it is an object of this invention to 

provide a semiconductor device, wherein the miniaturization 
of the device and cost reduction of the material can be 
achieved, and a method of manufacturing a semiconductor 
device, wherein yield reduction caused by the etching 
30 problem is prevented besides the achievement of the 

miniaturization of the device and cost reduction of the 
materials . 

According to the invention, a method of 
manufacturing a semiconductor device comprises the steps of 



forming a separation layer on a second substrate, forming 
the semiconductor thin film including all or part of 
semiconductor elements on the separation layer, forming a 
protection layer on the semiconductor thin film such that 
the protection layer covers part of the semiconductor thin 
film, forming a plurality of etching grooves by etching a 
region of the semiconductor thin film, which is not covered 
by the protection layer, so that the etching grooves divide 
the semiconductor thin film into a plurality of 
semiconductor thin sub-films, the etching groove reaching 
the separation layer, etching the separation layer to make 
a plurality of discrete semiconductor thin films from the 
semiconductor thin sub-films, adhering the discrete 
semiconductor thin films onto the surface of the first 
substrate, and removing the protection layer. The 
protection layer is made of a material which has etching 
resistance against etchants used in the steps of forming 
the etching grooves and etching the separation layer. Here, 
the etching resistance property means that the function of 
the protection layer of protecting the semiconductor thin 
film is not damaged by the followings reasons: 

1. The material of the protection layer is not dissolved, 
decomposed, or broken by the etchant for the steps of 
forming the etching grooves and etching the separation 
layer. 

2. The adhesion of the interface between the protection 
layer and the surface of the semiconductor thin film is 
not damaged by the penetration of the etchant through 
the interface. 

3. The adhesion of the interface between the protection 
layer and the surface of the semiconductor thin film is 
not damaged by the penetration of the etchant through 
the protection layer up to the interface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view of an LED/driving IC 
composite chip according to the first embodiment of the 
present invention, showing the first part of process of 
5 manufacturing the composite chip. 

Fig. 2 is a sectional view of the LED/driving IC 
complex chip of Fig. 1, showing the second part of process 
of manufacturing the composite chip. 

Fig. 3 is a sectional view of the LED/driving IC 
10 complex chip of Fig. 1, showing the third part of process 
of manufacturing the composite chip. 

Fig. 4 is a sectional view of the LED/driving IC 
complex chip of Fig. 1, showing the fourth part of process 
of manufacturing the composite chip. 
15 Fig. 5 is a sectional view of the LED/driving IC 

complex chip of Fig. 1, showing the fifth part of process 
of manufacturing the composite chip. 

Fig. 6 is a sectional view of the LED/driving IC 
complex chip of Fig. 1, showing the sixth part of process 
20 of manufacturing the composite chip. 

Figs. 7(a) and 7(b) are a sectional view and a 
top view of the LED/driving IC complex chip of Fig. 1, 
showing the seventh part of process of manufacturing the 
composite chip. 
25 Fig. 8 is a top view of the LED/driving IC 

complex chip of Fig. 1, showing the eighth part of process 
of manufacturing the composite chip. 

Fig. 9 is an enlarged view of a section A9 of Fig. 

1. 

30 Fig. 10 is an enlarged view of a section A10 of 

Fig. 3. 

Fig. 11 is a schematic perspective view of Fig. 5. 
Fig. 12 is an enlarged top view of a section 12A 

of Fig. 5. 
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Fig. 13 is an enlarged view of a section 13A of 

Fig. 5. 

Fig. 14 is a schematic sectional view of Fig. 13 
taken along the line S14-S14. 
5 Fig. 15 is an enlarged top view of Fig. 8. 

Fig. 16 is a schematic perspective view of a 
section A16 of Fig. 8. 

Fig. 17 is a schematic top view of an LED/driving 
IC composite chip manufactured by a method according to the 
10 second embodiment of the present invention. 

Fig. 18(a) to 18(c) are sections views showing 
the outline of manufacturing process of a semiconductor 
thin film according to the second embodiment of the present 
invention . 

15 Fig. 19 is a schematic top view of an LED/ array 

chip manufactured by a method according to the third 
embodiment of the present invention. 

Fig. 20 is a schematic top view of an LED/driving 
IC composite chip manufactured by a method according to the 
20 fourth embodiment of the present invention. 

Fig. 21 is a schematic perspective view of a 
portion of Fig. 20. 

Fig. 22 is a sectional view of the LED/driving IC 
complex chip according to the fifth embodiment of the 
25 present invention, showing process of manufacturing the 
composite chip. 

Fig. 23 is a schematic top view of a portion of 
an LED/ array chip manufactured by a method according to 
the fifth embodiment of the present invention. 
30 Fig. 24 is a sectional view of the LED/driving IC 

complex chip according to the sixth embodiment of the 
present invention, showing process of manufacturing the 
composite chip. 



- 6 - 



Fig. 25 is a schematic sectional view of an LED 
print head incorporating a device manufactured by a method 
according to the present invention. 

Fig* 26 is a schematic perspective view of a 
5 portion of an LED print head of the conventional art. 

Fig. 27 is a top view of a portion of an LED 
array chip mounted in the LED print head of Fig. 26. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
(First Embodiment) 
10 In Fig. 1, a separation layer 120 is formed on a 

semiconductor substrate 110 and an epitaxial film 130 is 
formed on the separation layer 120 as a semiconductor thin 
film. The epitaxial film 130 or a semiconductor epitaxial 
layer is to be or has been separated or peeled off from the 
15 substrate 110 to become the semiconductor thin film, and 
functions as a semiconductor element. The epitaxial film 
130 can be formed by metal organic chemical vapor 
deposition (CVD) method or molecular beam epitaxial (MBE) 
method. 

20 The manufacturing process of the epitaxial film 

130 is described in detail with reference to Fig. 9. In 
Fig. 9, the substrate 110 comprises, for example, a GaAs 
substrate 111, a GaAs buffer layer 112, and an (AlGa)InP 
etching stopping layer 113 formed in this order. The 

25 separation layer 120 is made of, for example, AlAs . The 
epitaxial film 130 comprises, for example, a GaAs first 
contact layer 131 (for example, n-type GaAs layer 131), an 
AlGaAs lower clad layer 132 (n-type Al^a^^s layer 132), an 
AlGaAs active layer 133 (n-type AlyGa^yAs layer 133), an 

30 AlGaAs upper clad layer 134 (n-type A^Ga^^s layer 134), 
and GaAs second contact layer 135 (n-type GaAs layer 135) 
formed on the separation layer 120 in this order. Here, x, 
y, and z meet the expressions; 0<x^l, 0^y<l, and 0<z^l. 
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The n-type GaAs layer 131 has a thickness of approximately 
10 nm (0.1 ym) , the n-type A^Ga^^s layer 132 approximately 
0.5 ym, the n-type Al y Ga x _yAs layer 133 approximately 1 ym, 
the n-type Al z Ga 1 _ z As layer 134 approximately 0.5 ym, and the 
5 n-type GaAs layer 135 approximately 10 nm (0.1 ym) . 

Accordingly, the thickness of the epitaxial film 130 is 
approximately 2.02 ym. However, The thicknesses of the 
respective layers are not limited to the above values. 

Other materials, such as (AJ^Ga^) yln^P (0<x<l and 

10 0<y<l), GaN, AlGaN, and InGaN, may be used as the 

semiconductor epitaxial layer. Also, the substrate 110 may 
not have the (Al x Ga^ x ) yln^P layer 113. 

In Fig. 2, an LED (a light emitting region 130c 
in Fig. 12) is formed in a semiconductor element formation 

15 region 130b. 

In Fig. 3, a dielectric film 140 is formed in 
predetermined regions on the epitaxial film 130. The 
dielectric film 140 may be made of any of, for example, Si0 2 , 
Si 3 0 4 , SiN, aluminum oxide, and aluminum nitride. The 

20 dielectric layer 140 has an opening above the LED. 

AS shown in Fig. 10, for formation of the LED in 
the epitaxial film 130, a p-type impurity of zinc (Zn) is 
diffused into the n-type AlyGa^yAs layer 133, the n-type 
Al 2 Ga 1 _ 2 As layer 134, and the n-type GaAs layer 135 by the 

25 solid phase diffusion method to form a Zn diffusion region 
136. A diffusion source film is removed after the solid 
phase diffusion. 

Then, the surface of the Zn diffusion region in 
the GaAs contact layer 135 is exposed. It is desirable 

30 that a region including PN- junction formed in the GaAs 
contact layer 135 is removed. By doing this, carrier 
injection through the PN-junction in the GaAs contact layer 
135 can be prevented so that light emitting efficiency is 
increased. For preventing the short-circuit between PN 
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caused by an electrode wiring, it is important that an 
inter-layer insulating film is provided to cover part (a 
region including and in the vicinity of the PN-junction 
region on the surface of Al 2 Ga^ z As layer) of the surface of 
5 the Zn diffusion region formed on the surface of and in the 
n-type A^Ga^^s layer 134 before providing a discrete 
electrode wiring. 

As stated above, in the first embodiment, an insulating 
film 140 is formed such that it covers the part (the region 

10 including and in the vicinity of the PN-junction region on 
the surface of the A^Ga^As layer) of the surface of the Zn 
diffusion region formed on the surface of and in the n-type 
A^Ga^As layer 134. The diffusion front of the Zn 
diffusion region 136 reaches the inside of the n-type 

15 AlyGai.yAs layer 133 so that a minority carrier injected 

through the PN-junction is confined in the n-type AlyGa^yAs 
layer 133, which gains a high emitting efficiency. That is, 
by creating a structure as shown in Fig. 10, it is possible 
to make the thickness of the epitaxial film 130 thinner by 

20 approximately 2 pm and increase the light emitting 
efficiency. The epitaxial layer may be made up by 
heterojunction-type LED instead of homoj unction-type LED 
described above. Here, the homoj unction-type means that a 
PN-junction is formed in a single semiconductor layer, and 

25 includes the case of the first embodiment wherein the 

second conductive type impurity is selectively doped into 
the first conductive type semiconductor layers. The 
heterojunction-type means that a PN-junction is formed in 
the interface between different conductive-type 

30 semiconductors, which includes, for example, that the n- 
type A^Ga^xAs layer 132 and a p-type AlyGa^yAs layer are 
grown to stack by epitaxial growth. 

In Fig. 4, a protection layer 150 is formed in a 
region such that it covers the dielectric film 140 on the 
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epitaxial film 130. It is preferable that the protection 
layer 150 is made of such a material as has etching- 
resistance property against etchant used in the steps of 
forming an etching groove and etching the separation layer 
5 120. The protection layer 150 is made of an organic 

material, such as a polymer material and wax material for 
resist. By using the resist material for the protection 
layer 150, the protection layer 150 can be formed to a 
desired pattern in photolithography process for the use as 

10 an etching mask. 

In Figs. 5 and 11, part of the epitaxial film 130, 
which is not covered by the protection layer 150, is etched 
by using an etchant up to the separation layer 120 to form 
the an etching groove 160 so that the epitaxial film 130 is 

15 divided into discrete epitaxial films 130a. Hydro- 
phosphoric (solution containing phosphoric acid and 
hydrogen peroxide) is used for the etchant. However, 
solution containing citric acid and hydrogen peroxide may 
be use for the etchant. 

20 In Figs. 6, 13, and 14, the separation layer 120 

under the epitaxial film 130a is etched away using an 
etchant to make it possible to separate the epitaxial film 
130a. Diluted hydrogen fluoride (10% HF solution) is used 
for the etchant. 

25 In Fig. 12, a short side 140a of the dielectric 

film 140 is located at an inner position by a distance LI 
from a short side of the epitaxial film 130a. A 
longitudinal side 140b of the dielectric film 140 is 
locates at an inner position by L2 from a longitudinal side 

30 of the epitaxial film 130a. The distances LI and L2 may be 
determined by (1) kind and property of the etchant (dry gas 
in case of dry etching), (2) etching time, (3) material of 
the dielectric film 140, and (4) material and thickness of 
the protection layer 150. However, they must be 
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sufficiently large to the extent that the etchant does not 
reach the dielectric film 140 through the protection layer 
150. 

In Figs. 7(a) and 7 (b) , a silicon substrate 170 
5 on which a semiconductor circuit 171 is formed is prepared 
and a metal layer 180 is formed on the silicon substrate 
170 in close to the semiconductor circuit 171. Then, the 
discrete epitaxial film 130a, which is separatable by the 
manufacturing process in Fig. 6, is adhered onto the metal 

10 layer 180. For holding and transporting the discrete 
epitaxial film 130a to a predetermined position for 
adhesion, aligning the position, and putting the discrete 
epitaxial film on a predetermined position, it is required 
to reversibly and repeatedly absorb to chuck or detach the 

15 epitaxial film to or from a transportation jig. Such a 
method includes, for example, absorption by barometric 
difference, magnetic absorption, electric absorption, and 
adhesion by bonding agent. The step of removing the 
protection layer 150 is performed before or after the step 

20 of adhering the epitaxial film 130a onto the silicon 

substrate 170. It should be preferably performed after the 
removal step of the protection layer 150. 

When the thickness of the epitaxial film 130a is 
large, it is possible that the discrete wiring layer 190 

25 has a bench-cut at the edge region of the epitaxial film 
130. It is preferable that the thickness of the epitaxial 
film 130 is controlled to be 10 jam or smaller. As an 
alternative method, however, if the stepped region is made 
flat using polyimide and so forth to prevent the 

30 disconnection of a wire across the stepped region, the 

thickness of the epitaxial film 130 may be greater than 10 
Urn. 

The metal layer 180 is made of palladium or gold, 
or a laminated layer of palladium and gold. The metal 
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layer 180 has functions to fix the epitaxial film 130a in 
close to the semiconductor circuit 171 f and electrically 
connect a common terminal region (not shown) under the 
epitaxial film 130a and a common terminal region (not 
5 shown) of the silicon substrate 170. It is preferable that 
ohmic contact is provided between the metal layer 180 and a 
common terminal region in the epitaxial film 130a, and the 
metal layer 180 and a common terminal region of the silicon 
substrate 170. Here, the common terminal region in the LED 

10 epitaxial film 130 is the entire epitaxial layer which 
contacts the metal layer 180. In this embodiment, it is 
the entire surface of the n-type GaAs layer 131 on the side 
of the common electrical potential (side of n-electrode) . 
Also, the common terminal region of the silicon substrate 

15 170 is the entire surface of the silicon substrate which 
contacts the metal layer 180. In this embodiment, it is a 
region on the side of common electrical potential (side of 
n-electrode) for driving the LED. The metal layer 180 is 
connected to the common electrical potential terminal of 

20 the semiconductor circuit for driving the device by any 
means, for example, by a metal wire. The metal layer 180 
may be formed in the region of the silicon substrate 170, 
in which the semiconductor circuit 102 is formed, via an 
insulating film (not shown) such that the metal layer 180 

25 is overlapped partly or entirely with the semiconductor 
circuit . 

In Figs. 8, 15, and 16, the discrete wiring layer 
190 is formed such that it extends from an LED 130c through 
the dielectric film 140 and other dielectric film which 
30 covers the top surface of the epitaxial film 30, the metal 
layer, and the silicon substrate (not shown), to a terminal 
region 171a formed on the semiconductor circuit 171 on the 
silicon substrate 170 to electrically connect the LED 130c 
and terminals in the terminal region 171a. Here, part (a 
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region including and in the vicinity of the PN-junction on 
the surface of the A^Ga^^As layer) of the surface of the Zn 
diffusion region is covered with the insulating film 140 
before forming the discrete wiring layer 190, wherein the 
5 Zn diffusion region is formed on the surface of the n-type 
Al z Ga x _ 2 As 134 and in the A^Ga^^s, which has been exposed 
when a region including the PN-junction region formed in 
the GaAs layer 135 by the Zn diffusion is removed, and an 
island-shaped GaAs layer carrying the diffused Zn is formed. 

10 The discrete wiring layer 190 is, for example, a metal wire 
of thin film. The material of the metal layer 190 is any 
one material or a combination of a plurality of materials 
selected from the group including an Au layer, Ti/Pt/Au 
laminated layer, Au/Zn laminated layer, Au/Ge laminated 

15 layer, Ni/Au laminated layer, AuGeNi/Au laminated layer, Pd 
layer, Pd/Au laminated layer, Mg/Au laminated layer, Al 
layer, Al/Ni laminated layer, polysilicon layer, ITO layer, 
and ZnO layer. 

It is preferable that the discrete wiring layer 

20 190 is formed collectively by photolithography. Since the 
discrete wiring layer 190 forms a wiring of a thin film, 
when the wiring is long, the voltage drop of the wiring 
becomes large. Also, when a plurality of the LEDs 130c are 
arranged with high density, the pitch of the LEDs 130c is 

25 fine so that the width of the discrete wiring layer 190 is 
controlled to be small. For example, when the width and 
thickness of the discrete wiring layer 190 are 5 ym and 0.5 
ym, respectively, and the driving current is several mA, it 
is desirable that the length of the discrete wiring layer 

30 is less than approximately 200 ym. 

As describe above, according to the first 
embodiment of the invention, the epitaxial film 130 adhered 
on the silicon substrate 170 via the metal layer 180 is 
electrically connected to the semiconductor circuit 171 
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formed on the silicon substrate 170 by the discrete wiring 
layer 190 of a thin film formed by photolithography so that 
it is not required that the epitaxial film 130a is provided 
with electrode pads for wire bonding. Consequently, the 
5 epitaxial film 130a is made small so that the LED/driving 
IC composite chip 100 is miniaturized. Also, since the 
epitaxial film 130 is made small, the material cost is 
reduced. 

According to the first embodiment of the 

10 invention, the epitaxial film 130 adhered on the silicon 
substrate 170 is electrically connected to the 
semiconductor circuit 171 formed on the silicon substrate 
170 by the discrete wiring layer 190 of a thin film formed 
by photolithography so that it is not necessary to make 

15 large the thickness of the epitaxial film 130a for wire 
bonding. Thus, the thickness of the epitaxial film 130a 
can be made small so that the material cost is reduced. 

According to the first embodiment of the 
invention, the sides 140a and 140b of the dielectric film 

20 140 are located at an inner position with respect to the 
side of the epitaxial film 130a, and these films are 
covered with the protection layer 150. Then, the 
predetermined region for the etching groove 160 and the 
separation layer 120 are etched away. Consequently, the 

25 LED 130c (light emitting region) in the separated epitaxial 
film 130a and the dielectric film 140 on the epitaxial film 
130s are not damaged by etchant, thus making it possible to 
divide the epitaxial film 130 into the separatable 
epitaxial films 130a. 

30 (Second Embodiment) 

In Fig. 17, the same reference numerals are 
provided for elements which is identical with or 
corresponding to those in Fig. 15 (the first embodiment) . 
A different point between an LED/driving IC composite chip 
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200 of the second embodiment and the composite chip 100 of 
the first embodiment is that in the composite chip 200, a 
thin film 220 carrying a semiconductor circuit (herein 
after M semiconductor circuit thin film") is adhered on a 
5 substrate 270 and connected to a wiring region 220a 

provided on the substrate 270 by a discrete metal film 
wirings (not shown) . The substrate 270 is made of, for 
example, an insulating substrate, such as a glass substrate, 
a plastic substrate, a polymer sheet, a substrate 

10 containing an oxide or nitride, a semiconductor substrate, 
such as a silicon substrate, and a metal, such stainless 
steel, copper, and aluminum. When a metal substrate is 
employed, it become an insulating substrate having a good 
radiation characteristic by providing oxidation treatment 

15 for the surface thereof or a coating layer thereon. If the 
metal substrate is not insulated, it can be a common wiring 
layer. It is possible to form one or a plurality of 
epitaxial films 130a and one or a plurality of the 
semiconductor circuit thin films 220 for driving a 

20 semiconductor element in the epitaxial film. A plurality 
of connection pads or a wiring pattern is formed in the 
wiring region 220a. The connection pads or the wiring 
pattern is provided for electrically connecting 
input/output terminals of the semiconductor circuit thin 

25 film 220 to external circuits in order to input and/or 

output signals and a power source. One or a plurality of 
semiconductor circuits may be provided instead of the 
wiring region 220a or between the semiconductor circuit 
thin film 220 and the wiring region 220a, and connected 

30 with the semiconductor circuit thin film 220 by the 
discrete metal thin film. 

A SOI substrate (SOI wafer) 210 is used for 
manufacturing the semiconductor circuit thin film 220. The 
SOI substrate 210 is composed of a silicon substrate 211, a 
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buried Si0 2 layer (BOX layer) 212 formed on the silicon 
substrate 211, and a silicon layer (SOI layer) 213 formed 
on the Si0 2 layer 212. The semiconductor circuit thin film 
220 is manufactured as follows, 
5 In Fig. 18 (a) , a semiconductor circuit 213a is 

formed in the vicinity of the surface of the silicon layer 
213. Fig. 18(b), the Si0 2 layer 212 is etched by HF liquid 
or gas. In Fig. 18(c), the silicon layer 213 is separated 
and adhered onto the substrate 270. For a method of 

10 holding the silicon layer 213, a reversible method (for 
example, absorption by barometric difference, magnetic 
absorption, electric absorption, and adhesion by bonding 
agent) is used. In actual production, the steps of forming 
many semiconductor circuit thin films 220 on the SOI 

15 substrate 210 and separating the respective semiconductor 
circuit thin film to discrete semiconductor circuit tin 
films 220 are included. It is desirable that the 
manufacturing process of the semiconductor circuit thin 
film 220 includes, in the same way as in the manufacturing 

20 process of the epitaxial film 130a, the step of forming a 
protection film so that the dielectric films and metal 
wiring films formed on the surface of the semiconductor 
circuits are not damaged by etchant used in etching process 
for dividing the semiconductor circuit thin film 220 into 

25 the discrete semiconductor circuit thin films 220 and 

separating the discrete semiconductor circuit thin films 
220. For the protection film, a material having an etching 
resistance property, which was described above with respect 
to the formation of the epitaxial film 130a, may be used. 

30 According to the second embodiment of the 

invention, the same effects as in the first embodiment are 
obtained. The second embodiment is the same as the first 
embodiment except the above-mentioned points. By using the 
semiconductor circuit thin film 220, the metal thin film 
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wiring can provide electrical connection between the 
electrode pads on the thin film semiconductor circuit 220 
and the wiring region 220a on the substrate 270. Moreover, 
the metal thin film wiring replaces the bonding wires for 
5 inputting electrical signals and electric power to the 

circuits, wherein the metal thin film wiring can be formed 
by wafer-level manufacturing process. 
(Third Embodiment) 

In Fig. 19, the same reference numerals are 

10 provided for elements which is identical with or 

corresponding to those in Fig. 15 (the first embodiment) . 
A different point between an LED/driving IC composite chip 
300 of the third embodiment and the composite chip 100 of 
the first embodiment is that in the third embodiment, the 

15 light emitting regions (LEDs) 130c and electrode pads 310 
electrically connected to the light emitting regions 130c 
are formed on the dielectric layer 140. In this case, a 
wire bonding is used for an electrical connection with the 
respective LEDs 130c. 

20 According to the third embodiment, the composite 

chip 300 comprise the electrode pads 310 so that the 
epitaxial film 130 has a large size. However, the sides of 
the dielectric film 140 is located in a position inner from 
the sides of the epitaxial film 130a and the protection 

25 layer 150 covers theses films before the step of etching. 

Accordingly, the LEDs 130c (light emitting regions) and the 
dielectric film 140 in the separated epitaxial film 130a 
are not damaged by etchant, thus enabling the division of 
the epitaxial film 130 into the discrete epitaxial films 

30 130a. The third embodiment is the same as the first and 
second embodiments except the above-mentioned points. 
(Fourth Embodiment) 

In Fig. 20, the same reference numerals are 
provided for elements which is identical with or 



- 17 - 



corresponding to those in Fig. 15 (the first embodiment). 
In Fig. 21, the same reference numerals are provided for 
elements which is identical with or corresponding to those 
in Fig. 16 (the first embodiment) . A different point 
5 between an LED/driving IC composite chip 400 of the forth 
embodiment and the composite chip 100 of the first 
embodiment is that in the forth embodiment, a semiconductor 
circuit thin film 410 is adhered to the substrate 270 
instead of the semiconductor circuit 171 of the first 

10 embodiment. In the fourth embodiment, the semiconductor 
circuit thin film 410 contains a wiring region to make 
connection between an outer circuit and the semiconductor 
circuit thin film 410 by using the metal film wiring so 
that electrical signals and electric power are supplied to 

15 the semiconductor circuit from the outer circuit. 

The method of manufacturing the semiconductor 
circuit thin film 410 is the same as that of the 
semiconductor circuit thin film 220 in Fig. 18. When the 
thicknesses of the epitaxial film 130a and the 

20 semiconductor circuit thin film 410 are large, the discrete 
wiring layer 190 is prone to have a bench cut. It is 
desirable that the thicknesses of the epitaxial film 130a 
and the semiconductor circuit thin film 410 are controlled 
to be approximately 10 ym or smaller. As an alternative 

25 method, however, if the stepped region is made flat using 
polyimide and so forth to prevent the disconnection of a 
wire across the stepped region, the thicknesses of the 
epitaxial film 130a and the semiconductor circuit thin film 
410 may be greater than 10 ym. Connection pads for 

30 connection with outer circuits are provided in the 

semiconductor thin film 410 for input and/or output of 
signals for electric source and controls. According to the 
forth embodiment, the same effect in the first embodiment 
is obtained. The fourth embodiment is the same as the 
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first to third embodiments except the above-mentioned 
points . 

(Fifth Embodiment) 

In Fig. 22, the same reference numerals are 
provided for elements which is identical with or 
corresponding to those in Fig. 5 (the first embodiment). 
In Fig. 23, the same reference numerals are provided for 
elements which is identical with or corresponding to those 
in Fig. 15 (the first embodiment) . A different point of 
the fifth embodiment from the first embodiment is that the 
fifth embodiment comprises the steps of forming a 
passivation film 510 to cover the dielectric film 140 and 
forming a protection film 520 on the passivation film 510. 
Each of the protection and passivation films is made of 
material which has etching resistance property against 
etchant used in the steps of forming the etching grooves 
160 and etching the separation layer 120. 

Here, the etching resistance property of the 
passivation film 510 means that the function of the 
passivation film of covering and protecting the surface of 
the semiconductor thin film and the dielectric film is not 
damaged by followings: 

1. The material of the passivation film 510 is not 
dissolved, decomposed, or broken by the etchant for the 
steps of forming the etching grooves and etching the 
separation layer. 

2. The adhesion of the interface between the passivation 
film and the surface of the semiconductor circuit thin 
film is not damaged and the dielectric film 140 is not 
broken by the penetration of the etchant through the 
interface . 

3. The adhesion of the interface between the passivation 
film and the surface of the semiconductor circuit thin 
film is not damaged and the dielectric film 140 is not 
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broken by the penetration of the etchant through the 
passivation film up to the interface. 

Also, the etching resistance property of the 
protection layer 520 means that the function of the 
5 protection layer of adhering to the surface of the 

passivation film and protecting the epitaxial film 130a is 
not damaged by followings: 

4. The material of the protection layer is not dissolved, 
decomposed, or broken by the etchant for the steps of 

10 forming the etching grooves and etching the separation 

layer. 

5. The adhesion of the interface between the protection 
layer and the surface of the passivation film is not 
damaged by the penetration of the etchant through the 

15 interface. 

6. The adhesion of the interface between the protection 
layer and the surface of the passivation film is not 
damaged by the penetration of the etchant through the 
protection layer up to the interface. 

20 The passivation film 520 is made of, for example, 

either polyimide or aluminum nitride. The protection layer 
520 is made of an organic material, such as a polymer 
material and wax material for resist material. The 
protection layer 520 is removed before or after the step of 

25 adhering the epitaxial film 130a onto the silicon substrate 
170. The protection film 520 is preferably removed after 
the stop of adhering the epitaxial film 130a onto the 
silicon substrate 170. The side of the passivation film 
510 is located at the substantially same position as that 

30 of the discrete epitaxial film 130a. 

According to the fifth embodiment, the same 
effect as in the first embodiment is obtained. According 
to the fifth embodiment, even when a defect, such as pin- 
hole, is produced in the protection layer 520, the 
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dielectric film 140 is not damaged so that the device has 
high reliability. The fifth embodiment is the same as the 
first to fourth embodiments except the above-mentioned 
points . 
5 (Sixth Embodiment) 

In Fig. 24, the same reference numerals are 
provided for elements which is identical with or 
corresponding to those in Fig. 22 (the fifth embodiment) . 
A different point of the sixth embodiment from the fifth 

10 embodiment is that the sixth embodiment does not leave the 
dielectric film 140. In the sixth embodiment, an opening 
section is formed in a predetermined region for the light 
emitting section on the epitaxial film 130. After a 
dielectric film made of, for example, aluminum oxide, 

15 aluminum nitride, silicon oxide, or silicon nitride is 

formed, the impurity of Zn is diffused through the opening 
section by, for example, solid phase diffusion method and a 
diffused film and the dielectric film are removed. Then, a 
region including a PN- junction formed in a GaAs layer 135 

20 by the Zn diffusion is removed. Then, for example, an 

insulating film including the opening section which exposes 
part of the surface of the island-shaped GaAs layer 135 
with the diffused Zn is formed as passivation film 610. It 
is desirable that the passivation film 610 is formed such 

25 that the opening section of the passivation film 610 does 
not expose the surface of the n-type A^Ga^^s 114 and part 
of the surface of the Zn diffused region formed in the n- 
type Al 2 Ga 1 ^ z As 114 (a region including and in the vicinity 
of the PN-junction in the surface of the n-type Al^a^^s 

30 114) . 

According to the sixth embodiment, unlike the 
fifth embodiment, the passivation film 610 and a protection 
layer 620 are formed without leaving the dielectric film 
140. The protection layer 620 and the passivation film 610 
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are made of materials which have etching resistance 
property against etchant used in the steps of forming the 
etching groove 160 and etching the separation layer 120. 
The passivation film 610 is made of, for example, either 
5 polyimide or aluminum nitride. The protection layer 620 is 
made of, for example, a polymer material or a wax material 
for a resist material. The protection layer 620 is removed 
before or after the step of adhering the epitaxial film 
130a onto the silicon substrate 170. The protection film 

10 620 is preferably removed after the stop of adhering the 

epitaxial film 130a onto the silicon substrate 170. The side 
of the passivation film 610 is located at the substantially 
same position as that of the discrete epitaxial film 130a. 
According to the sixth embodiment, the same 

15 effect as that in the first embodiment are obtained because 
the passivation film 610 has the function of the dielectric 
layer too. According to the sixth embodiment, even when a 
defect, such as pin-hole, is produced in the protection 
layer 620, the semiconductor element is not damaged so that 

20 the device has high reliability. The sixth embodiment is 
the same as the first to fourth embodiments except the 
above-mentioned points. 

In Fig. 25, an LED print head 700 comprises a 
base member 701, an LED unit 702 fixed to the base member 

25 701, a rod lens array 703 having a plurality of cylindrical 
optical elements arranged therein, a holder 704 for holding 
the rod lens array 703, and a clamp 705 for fixing the 
above elements 701 to 704. The LED unit 702 comprises a 
semiconductor device 702a or an LED/driving IC chip or an 

30 LED array chip manufactured according to the above- 
mentioned embodiments. Light emitted from the LED unit 702 
is illuminated through the rod lens array 703. The LED 
print head 700 is applied to an exposing device in a 
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photoelectronic printer and a photoelectronic copying 
machine . 

In the above embodiments, the metal layer 180 is 
formed on the silicon substrate 170. However, a conductive 
5 thin layer other than the metal layer, such as polysilicon, 
may be used instead of the metal layer 180. 

In the above embodiments, the metal layer 180 is 
formed on the silicon substrate 170 and the epitaxial film 
130a is adhered onto the metal layer 180. However, the 

10 epitaxial film 130a may be adhered onto the silicon 

substrate 170 directly. In this case, the upper surface of 
the silicon substrate 170 and the lower surface of the 
epitaxial film 130 are provided with an appropriate 
chemical surface treatment to make a mirror finished 

15 surface so that both the surfaces contact closely and are 
bonded firmly by pressure and heat treatment. The 
temperature of the heat treatment required for the firm 
bonding is higher that that of the heat treatment through 
the metal layer. However, the bonding defect caused by the 

20 defect of the metal layer provided between the LED epi-film 
and the surface of the silicon substrate is prevented. 
Also, when the metal layer 180 is provided, since the LED 
epi-film is, for the alignment of the bonding position, 
aligned with respect to the pattern of the metal layer 180 

25 which is aligned with respect to the driving ICs, it is 

more likely that the misalignment of the LED epi-film with 
respect to the driving ICs is increased. Accordingly, when 
the metal layer is not provided, the alignment margin with 
respect to the driving ICs can be set small. Moreover, it 

30 is possible to adhere the epitaxial film onto an insulating 
film, such as silicon oxide, formed on the silicon 
substrate . 

In the above embodiments, a conductive thin layer 
including the metal layer 180 is rectangular-shaped. 
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However, it may have the shape having a cut-off portion in 
a corner thereof and/or an uneven portion in sides thereof. 
In this case, the cut-off portion can be used as a 
reference section for the orientation of the chip and the 
5 uneven portion can be used as a reference section for the 
alignment . 

In the above embodiment, the epitaxial film 130a 
is adhered onto the silicon substrate 170. As the material 
of the substrate, a compound semiconductor, an organic 

10 semiconductor, and an insulating material, such as glass 
and sapphire, may be used besides amorphous silicon, 
monocrystal silicon, polysilicon. The same variation can 
be applied to the substrate 270. 

The semiconductor element formed in the 

15 semiconductor thin film or the epitaxial film 130a may be, 
instead of an LED, other light emitting elements, such as a 
laser, a photo detector, a hall element, and piezoelectric 
element. Other semiconductor thin films may be used 
instead of the epitaxial layer. 

20 Also, the epitaxial film 130a may have a 

structure comprising a p-type Al^a^^s layer, a p-type 
AlyGa^yAs layer, an n-type A^Ga^jAs layer, and a n-type GaAs 
layer formed in this order. Also, the dielectric film 140 
may be formed to have a multi-layer structure instead of a 

25 single-layer structure. 

As fully described above, according to the 
invention, a semiconductor thin films is adhered onto the 
surface of a substrate including a terminal region and 
electrically connected to the terminal region through a 

30 discrete wiring thin layer. Accordingly, it is possible to 
make a semiconductor device small and reduce the material 
cost . 

In addition, according to the manufacturing 
method of the invention, the step of forming a protection 
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layer or passivation film to cover a predetermined region 
of an epitaxial film is performed prior to the step of 
etching. Accordingly , the damage on a semiconductor device 
or a dielectric layer is decreased, which results in the 
5 increase of the manufacturing yield of the device. 
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